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Pong-Term Results After Primary
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reat Arteries and Aortic Arch Obstruction
arco Pocar, MD, PHD,*‡ Emmanuel Villa, MD,*‡ Alexandra Degandt, MD,* Philippe Mauriat, MD,†
hilippe Pouard, MD,† Pascal R. Vouhé, MD, PHD*
aris, France; and Milano, Italy
OBJECTIVES The study was designed to evaluate perioperative and late results after primary, single-stage
arterial switch operation (ASO) associated with aortic arch obstruction repair. Outcome of
patients with more than five years of follow-up were analyzed.
BACKGROUND The treatment of patients with transposition of the great arteries, or other forms of
ventriculoarterial discordance suitable for an ASO, with coexisting arch obstruction is a
difficult task. Single-stage repair has become the treatment of choice at many institutions, but
large series with long-term results are seldom reported.
METHODS Between 1990 and 1998, a primary operation including aortic arch repair through a midline
sternotomy was performed in 38 patients. The relief of arch obstruction was accomplished
during a period of hypothermic circulatory arrest, employing a wide pericardial patch to
enlarge the inner curvature of the entire arch in most patients.
RESULTS There were nine (24%) hospital deaths. None could be directly related to aortic arch repair,
but additional risk factors for an ASO were common (right ventricular hypoplasia, complex
coronary anatomy, uncommon relationship between the great vessels or severe pulmonary
hypertension). There were no late deaths. Four patients required cardiac reoperation, whereas
three underwent successful treatment of recurrent coarctation with balloon angioplasty.
CONCLUSIONS Infants with ventriculoarterial discordance and aortic arch obstruction represent a high-risk
subgroup of candidates for an ASO. Despite a non-negligible operative mortality, single-stage
primary repair represents the treatment of choice, and follow-up of operative survivors is
favorable. Pericardial patch enlargement is a reliable technique for arch obstruction
repair. (J Am Coll Cardiol 2005;46:1331–8) © 2005 by the American College of
ublished by Elsevier Inc. doi:10.1016/j.jacc.2005.06.063Cardiology Foundation
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the association between transposition of the great arteries
TGA) and aortic arch obstruction is relatively infrequent,
specially in the absence of a ventricular septal defect
VSD). When this combination occurs, the natural history
s very poor and the treatment constitutes a difficult task
1–5). Hypoplasia of the aortic arch is more commonly
ncountered in specific forms of ventriculoarterial discor-
ance, being reported in up to 50% of cases in some
ubgroups of double outlet right ventricle (RV), especially in
he presence of a subpulmonary VSD (Taussig-Bing anom-
ly) (6). Historically, the approach to such complex malfor-
ations favored a two-stage treatment, including primary
oarctation repair with pulmonary artery banding, followed
y intracardiac repair at a later date (5–7). During the past
wo decades, a one-stage procedure has gradually become
he treatment of choice to avoid the detrimental effects of
ulmonary artery banding on the left ventricle and neoaortic
oot and valve (8,9).
Our group has adopted this approach since 1990. This
etrospective study includes all infants who underwent
ingle-stage anatomic repair of TGA complexes with aortic
From the *Service de Chirurgie Cardiaque and the †Service d’Anesthésie-
éanimation, Hôpital Necker-Enfants Malades, Paris, France; and the ‡Cattedra di
ardiochirurgia, Università degli Studi di Milano, Policlinico MultiMedica, Milano,
taly.p
Manuscript received December 9, 2004; revised manuscript received June 10, 2005,
ccepted June 21, 2005.rch obstruction at the Hôpital Laënnec in Paris between
uly 1990 and June 1998, and describes perioperative and
edium-to-long-term results.
ETHODS
atients. Between July 1990 and June 1998, 38 consecutive
atients underwent an arterial switch operation (ASO) with
oncomitant repair of aortic arch obstruction. Most patients
31 of 38, 82%) underwent operation during the first month
f life. Intravenous prostaglandin infusion to maintain
atency of the ductus arteriosus and percutaneous atrial
eptostomy (Rashkind maneuver) were necessary in most
eonates to prevent arterial desaturation. Except for two
atients with type B interrupted aortic arch, diffuse arch
ypoplasia was invariably present, with the area of most
evere narrowing located immediately after the origin of
he left subclavian artery. A localized coarctation “ridge” at
he aortic isthmus was found in about three-quarters of the
ases. Patients were divided into three subgroups, according
o coronary anatomy: a first group included infants with
acoub’s type A anatomy (normal pattern) (10), a second
roup comprised type D and E coronary arteries (circumflex
rtery originating from the right coronary ostium, and right
oronary artery originating from the left ostium, respec-
ively), and a third group included all other more complex
atterns. The presence of specific high-risk situations,
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Arterial Switch With Arch Repair: Late Results October 4, 2005:1331–8amely, a single or paracommissural coronary ostium, an
ntramural coronary, or a course between the great vessels of
ither coronary artery, was also analyzed separately. The two
atter conditions were distinguished because the proximal
egment of two of four coronary branches coursing between
he great vessels was tangential to the aortic wall but not
ruly intramural (4,11,12). The majority of patients had an
ssociated VSD that was often related to a variable degree of
onal septal malalignment. Consequently, some degree of
ight ventricular outflow tract obstruction (RVOTO) was
resent in about a quarter of the cases, whereas a perimem-
ranous VSD was more common in TGA with near-
nteroposterior great vessels. Relative hypoplasia of the
scending aorta was always present when compared with the
ulmonary trunk and determined an important mismatch
etween the two great vessels, the pulmonary artery diam-
ter being 25% to 30% (or more) greater than the aorta.
lso, the relationship between the great vessels varied
idely, with almost one-half of the patients showing a
on-anteroposterior anatomy. An unbalanced anatomy with
smaller than normal RV is more common in TGA with
rch obstruction (2,4,13). In such instances, RV hypoplasia
as retrospectively defined when the tricuspid valve annulus
iameter measured two standard deviations below normal
alues. Demographic and preoperative characteristics are
isted in Table 1.
urgery. All patients underwent surgery through a median
ternotomy. After the institution of cardiopulmonary by-
ass, always using a single arterial cannula in the ascending
orta, the aorta was cross-clamped at 28°C core temperature
uring systemic cooling and the myocardium protected
ccording to a modified Buckberg protocol (antegrade warm
nduction, cold infusion every 20 min, and controlled warm
ortic root reperfusion). The ascending aorta and pulmonary
runk were then transected and the Lecompte maneuver
erformed in all cases.
After reaching 18°C, extracorporeal perfusion was
topped and the aortic arch reconstructed under hypother-
ic circulatory arrest (HCA). Since November 1996, all
atients but one underwent selective antegrade cerebral
erfusion through the innominate artery during HCA. An
xtended resection and end-to-end anastomosis was per-
ormed in nine patients, mainly in the early period. In five
f nine instances, however, associated patch enlargement of
Abbreviations and Acronyms
ASO  arterial switch operation
CI  confidence interval
HCA  hypothermic circulatory arrest
PHT  pulmonary hypertension
RV  right ventricle/ventricular
RVOTO  right ventricular outflow tract obstruction
TGA  transposition of the great arteries
VSD  ventricular septal defecthe ascending aorta and proximal arch to overcome the aismatch between the arterial trunks was unavoidable. As a
onsequence, patch enlargement became the technique of
hoice for aortic arch repair, extending from below the
nsertion of the ductus arteriosus to the transection line in
he ascending aorta. This also applied to infants with
nterrupted aortic arch, who were the only patients to
ndergo resection and end-to-end anastomosis after 1995.
wenty-nine patients underwent patch repair alone, em-
loying glutaraldehyde-treated autologous pericardium in
ost cases.
After completion of the aortic arch repair, systemic
rterial perfusion was resumed, and the ASO performed
14). The VSD patches were sutured in place either through
he right atrium and tricuspid valve or through the great
rteries, or both, always avoiding a right ventriculotomy.
he conal septum was excised in three infants with double
utlet RV and RVOTO (subaortic stenosis). The Rashkind
trial septal defect was only loosely closed with one or two
eparate stitches, with the aim to leave a restrictive inter-
trial communication in patients likely to develop perioper-
able 1. Preoperative Characteristics of the Study Population
n  38)
Characteristic Number of Patients %
irl/boy 10/28
ge at operation (days) 29  50 ( 3–251)
eight at operation (kg) 3.26  0.54 ( 2.10–4.86)
rostaglandin infusion 28 74
trial balloon septostomy 22 58
ctive infection at operation 6 16
ortic arch anatomy
Diffuse aortic arch hypoplasia 36 95
Localized aortic coarctation 27 71
Interrupted aortic arch 2 5
oronary anatomy
Type A 23 60
Type D or E 8 21
Other 7 18
Single coronary ostium 3 8
Paracommissural coronary ostium 2 5
Coronary between the great vessels 4 10
Intramural coronary artery 2 5
SD 30 79
Malalignment 15 5
Perimembranous 11 3
Other 4 1
VOTO 10 26
Valvular 6 6
Subvalvular 3 3
Both 1 1
reat vessels’ relationship
Antero-posterior 21 55
Oblique 5 13
Side-by-side 11 29
Leftward anterior aorta 1 3
ypoplastic RV 9 24
icuspid pulmonary valve 2 5
ysplastic tricuspid valve 1 3
itus viscerum inversus 2 5
V  right ventricle; RVOTO  right ventricular outflow tract obstruction; VSD 
entricular septal defect.tive pulmonary hypertension (PHT). A patch of fresh
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October 4, 2005:1331–8 Arterial Switch With Arch Repair: Late Resultsutologous pericardium was used to reconstruct the defect in
he neopulmonary root after detachment of the coronary
stia; a second patch of bovine pericardium was employed to
iden the pulmonary artery anteriorly, in case of important
ismatch between the great vessels. The neopulmonary
oot was then anastomosed to the pulmonary trunk during
ontrolled aortic root reperfusion before aortic declamping.
perative data are summarized in Table 2.
linical follow-up. Reviews of clinical records and con-
acts with the referring cardiologists served for collection of
ospital and follow-up data. Echocardiograms were avail-
ble for all patients, whereas cardiac catheterization was
erformed in case of symptoms or electrocardiographic/
chocardiographic findings suggesting myocardial ischemia
r before school age for the purpose of a prospective study
15). Patients were selected for analysis if surgery had been
erformed before the preceding five years at the time the
tudy was conceived. Duration of follow-up among hospital
urvivors was 99.2  43.7 months (longest follow-up: 13.7
ears). Three patients referred to our hospital, two from
lgeria and one from French Guyana, were lost to long-
erm follow-up. Excluding such patients, follow-up was
10.4  29.5 months. Patients were also divided into
roups to analyze mortality trends over time. Reintervention
able 2. Intra- and Perioperative Patients’ Data (n  38;
ntraoperative Deaths  4; Hospital Deaths  9)
Characteristic
Number of
Patients %
ortic arch repair
Patch enlargement 34 89
Autologous fixed pericardium 32 94
Autologous fresh pericardium 1 3
Aortic homograft 1 3
End-to-end anastomosis, partial or total 9 24
SD repair 30 79
Patch 29 97
Direct suture 1 3
VOTO repair 3 8
onal septal resection 3 8
erebral perfusion during HCA 11 29
oronary revision, intraoperative 2 5
inus rhythm at aortic declamping 35 92
V dysfunction, perioperative 10 26
eft ventricular dysfunction, perioperative 8 21
elayed sternal closure 14 41
ialysis, postoperative 3 9
Mean  SD
ardiopulmonary bypass total time, excluding
intraoperative deaths (min)
207  60
ortic cross-clamp total time (min) 114  23
CA time (min) 26  5
erebral perfusion time (min) 18  2
emofiltration, intraoperative (ml) 590  342
elayed sternal closure (days) 5.5  3.6
ialysis, postoperative (days) 1.7  0.6
ssisted ventilation, in operative survivors (days) 9.4  11.4
CA  hypothermic circulatory arrest; RV  right ventricular; RVOTO  right
entricular outflow tract obstruction; VSD  ventricular septal defect.efers to open cardiovascular surgery (reoperation) and
P
vnterventional catheterization (balloon angioplasty for re-
urrent coarctation), excluding delayed sternal closure, revi-
ion for postoperative bleeding, infection or chylothorax,
nd pacemaker implantation or replacement.
tatistical analysis. Chi-square test (or Fisher exact test
hen 2  2 tables had a cell with an expected frequency of
5; in practice, all significant p values of 22 table variables
efer to Fisher exact test), and stepwise logistic regression
ere used for univariate and multivariate analysis of vari-
bles thought to affect adverse outcome. Values of p  0.05
ere considered statistically significant. Variables found to
e significant or that approached significance (p  0.1),
ccording to univariate analysis, were subsequently evalu-
ted in the multivariate analyses. The Kaplan-Meier
ethod was used to estimate the probability of survival and
reedom from adverse outcome events. All 95% confidence
ntervals (CIs) were calculated as  2 SEs. Difference in
robability estimates was calculated with the log-rank test.
he Cox proportional hazard model was used for multivar-
ate analysis of time-dependent variables. Continuous vari-
bles are expressed as mean SD. Data were analyzed with
PSS for Windows (version 11.5.1, SPSS Inc., Chicago,
llinois).
ESULTS
rimary causes of death and reintervention are listed in
able 3. Table 4 outlines the predictors of death and
rolonged stay in the intensive care unit.
urvival. Actuarial 10-year survival was 76% (95% CI 62%
o 90.1%) (Fig. 1). There were nine hospital deaths (24%),
ll during the first postoperative month, and no late deaths.
urvival probability remained constant after the periopera-
ive period and, in practice, was determined by operative
ortality alone.
Among the nine patients who died, RV hypoplasia
five of nine) and coronary malperfusion (four of nine),
lone or in association, were the most common primary
auses of death. When occurring in the presence of a
ypoplastic RV, coronary malperfusion was related to
verdistension of the right heart and tearing of a relo-
ated coronary artery (an unsuccessful attempt to place a
V-to-pulmonary artery conduit was made in one pa-
able 3. Causes of Death (n  9) and Reintervention (n  7)
Number of Patients
ause of death
RV hypoplasia 3
RV hypoplasia and coronary malperfusion 2
Coronary malperfusion 2
PHT 2
ause of reintervention
Recoarctation balloon angioplasty 3
RVOTO repair 2
Left main coronary stenosis patch plasty 2
RVOTO and left main coronary repair 1HT  pulmonary hypertension; RV  right ventricular; RVOTO  right
entricular outflow tract obstruction.
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Arterial Switch With Arch Repair: Late Results October 4, 2005:1331–8ient). In both such instances, this complication occurred
n the presence of side-by-side great vessels and a single
oronary artery (one common left ostium with the right
oronary between the aorta and pulmonary artery, and
ne single right coronary with an intramural left anterior
escending branch). The interrelationship between cor-
nary complications, RV failure, and great vessels’ anat-
my is reflected by the fact that four of five infants with
hypoplastic RV showed complex coronary artery pat-
erns. Similarly, the two patients with coronary malper-
usion alone as a leading cause of death had non-
nteroposterior great vessels (one showed side-by-side
reat arteries, and one had a leftward, anteriorly located
orta). Infants with a hypoplastic RV included the two
atients cases with situs viscerum inversus and the patient
ith tricuspid valve dysplasia. Both neonates who died
ecause of uncontrollable PHT had an associated VSD.
inally, no death seemed directly related to aortic arch
epair.
The analysis of the correlation between outcome and the
ime interval between the first operation in the series (June
5, 1990) and surgery failed to show a linear “learning curve
able 4. Univariate Predictors of Overall and Coronary-Related
perative Death, and Multivariate Predictors of Operative
eath and Duration of Stay in the ICU
Univariate Predictors
Death,
Overall
p Value
Death,
Coronary-
Related
p Value
V dysfunction, perioperative 0.0001 NS
elayed sternal closure 0.007 NS
eft ventricular dysfunction, perioperative 0.007 NS
oronary artery anatomy, complex 0.01 NS
Single coronary ostium 0.01 NS
Coronary artery between the great vessels 0.03 NS
Paracommissural coronary ostium 0.05 NS
ypoplastic RV 0.02 NS
reat vessels’ relationship 0.05 NS
itus inversus 0.05 NS
ortic cross-clamp time NS 0.02
VOTO NS 0.03
Multivariate Predictors
of Death p Value
Odds
Ratio
(95% CI)
V dysfunction, perioperative 0.02 6.9
(1.3–37.3)
Multivariate Predictors of ICU Stay
Duration (Operative Survivors) p Value
Hazard
Ratio
(95% CI)
SD repair 0.03 9.2
(1.2–72.8)
VOTO 0.05 4.7
(1.0–22.1)
I  confidence interval; ICU  intensive care unit; RV  right ventricular;
VOTO  right ventricular outflow tract obstruction; VSD  ventricular septal
efect.ffect”. There were, however, 5 of 11 (45%) deaths during
9
ahe first two years’ experience and 4 of 27 (15%) during the
ollowing 6 years.
erioperative complications. Complete heart block with
ubsequent implantation of a permanent pacemaker, left
hrenic nerve paralysis requiring diaphragm plication, deep
ound infection, and left recurrent laryngeal nerve impair-
ent occurred in one instance each, whereas postoperative
hylothorax developed in two patients (one of whom neces-
itated surgical ligation of the thoracic duct). No neurologic
omplications with permanent sequelae were observed.
eintervention and other late events. Actuarial freedom
rom overall reintervention, reoperation, and recoarctation
equiring surgery or percutaneous angioplasty among oper-
tive survivors was 89% (95% CI 77% to 100%), 96.3% (95%
I 89% to 100%), and 92.6% (95% CI 82% to 100%) at 1
ear; 77% (95% CI 61% to 93.6%), 89% (95% CI 76% to
00%), and 89% (95% CI 76% to 100%) at 5 years; and 72%
95% CI 54% to 90.3%), 83% (95% CI 66% to 98.9%), and
9% (95% CI 76% to 100%) at 10 years, respectively (Fig.
). Recoarctation was amenable to percutaneous treatment
nd never required open surgery. Reoperations were per-
ormed for RVOTO or left main coronary stenosis or both.
ne patient who underwent RVOTO repair required a
V-to-pulmonary artery conduit because of the coronary
natomy. Patch enlargement for left main coronary artery
tenosis was accomplished with fresh autologous tissue, such
s a portion of saphenous vein or innominate vein (16). No
atient required late neoaortic valve or root surgery.
During late follow-up, four patients showed mild
VOTO. Trivial neoaortic valve regurgitation was docu-
ented in three cases, and a mildly dilated neoaortic root in
wo. Two children with known coronary stenoses (one left,
igure 1. Kaplan-Meier survival plot of the whole series (n  38) with
5% confidence intervals. Numbers in parentheses indicate patients at risk
t different time intervals.
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October 4, 2005:1331–8 Arterial Switch With Arch Repair: Late Resultsnd one right coronary artery stenosis, respectively, both in
ype A anatomy) and no signs of inducible myocardial
schemia were treated conservatively and underwent strict
ontrols. No patient developed true or false aortic arch
neurysm after patch reconstruction, in spite of the generous
se of fixed autologous pericardium.
Finally, no major neurologic complications were observed
erioperatively. Although cognitive function tests were not
vailable, long-term neurodevelopmental outcome was sat-
sfactory and seems comparable to that of a neonatal ASO
ombined with HCA or low-flow cardiopulmonary bypass.
n this respect, HCA was limited to the aortic arch repair
nd is not adopted for isolated ASO at our institution.
ISCUSSION
espite the improvements in surgical techniques and peri-
perative intensive care management, the ASO in the
resence of aortic arch obstruction remains a surgical
hallenge, with coarctation reported as a risk factor for late
eath after a successful operation (17,18). Although long-
erm mortality and freedom from reoperation rates among
urvivors were, in some series, similar to patients who
nderwent the ASO for “uncomplicated” classical TGA,
everal aspects seem to pertain specifically to this subset of
urgical candidates. No death could be related to the aortic
rch repair, per se, but complex anatomy is more common
igure 2. Kaplan-Meier plots showing freedom from overall reinterven-
ion, reoperation, and recurrent coarctation among operative survivors (n
9) with 95% confidence intervals. Numbers in parentheses indicate
atients at risk at different time intervals.nd determines a higher complexity of the surgical strategy Rnd, consequently, an increased operative mortality (2,14,
9,20).
The aspects discussed in the following sections are
ubdivided according to their different impact on mortality
nd morbidity.
V hypoplasia and dysfunction. Right ventricular failure
s a known cause of operative death after the ASO (5,14). A
ypoplastic RV represented a leading cause of death in five
f nine instances, either alone or in combination with
oronary malperfusion. Perioperative RV dysfunction was
he strongest predictor of death and the only variable that
eached statistical significance at multivariate analysis. The
ssociation between aortic arch obstruction and ventriculo-
rterial discordance encompasses a wide spectrum of ana-
omic variants, and the rate of RV hypoplasia is higher than
or isolated TGA (2,4,13). Conceptually, the resulting
alformation at the extreme end could be called, with a
rovocative term, “hypoplastic right heart syndrome.” In-
eed, the known association of hypoplastic left ventricular
tructures and aortic coarctaction is reflected, in TGA, with
ypoplasia of the aortic connection and valve, RV infundib-
lum (RVOTO, see subsequent text), and tricuspid valve
rifice, especially in the absence of a VSD. Interestingly, 4
f 8 infants (50%) with an intact ventricular septum but only
of 30 (17%) with an associated VSD had a hypoplastic
V. On the other hand, every effort should be made to
void a right ventriculotomy in patients requiring VSD
losure.
Although no patient had a straddling or markedly over-
iding tricuspid valve in this series, these conditions might
ender insufficient the definition of a hypoplastic RV solely
n the basis of tricuspid orifice dimensions. Echocardio-
raphic data concerning the tricuspid valve were not always
vailable, especially in earlier records and in case of balanced
entricular morphology. Consequently, a correlation be-
ween the tricuspid valve orifice and outcome could not be
nalyzed; however, measurements were always specified in
ase of a small RV. Thus, a subgroup of patients with
elative hypoplasia could be retrospectively outlined among
hose with an unbalanced anatomy.
Finally, no patient had a severely diminutive RV, but
rimary biventricular repair yielded a high mortality rate
mong patients with RV hypoplasia (5 of 9, 56%; 3 of 5,
0% with an associated VSD; 2 of 4, 50% with no VSD).
hus, the opportunity of a staged procedure and, eventually,
f a single or “one-and-a-half” ventricle approach should be
onsidered. Residual shunting (see below) might further
educe early mortality and seems to enhance RV growth
13). The lower prevalence of unsuccessful outcomes in later
perations might reflect an improved selection of patients
or primary repair.
oronary and great vessels’ anatomy. Coronary malper-
usion is a major issue in patients undergoing an ASO: in
ur experience, this was the primary cause of death in four
f nine cases, either alone (two patients) or associated with
V failure (two patients, see previous). Except for patients
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Arterial Switch With Arch Repair: Late Results October 4, 2005:1331–8ith an intact ventricular septum, non-type A coronary
atterns were common (see following); similar consider-
tions can be drawn for the relationship between the great
rteries, which was often non-anteroposterior. Coronary
natomy tended toward a higher degree of complexity in
elation to rightward displacement of the aorta and side-by-
ide great vessels; interestingly, coronaries were type A in
he instance of a left-ward anterior aorta. Furthermore, a
ronounced difference in size between the great vessels has
een well documented in TGA with associated cardiac
alformations, in particular, VSD, coarctation, and
aussig-Bing anomaly (21), and a dilated pulmonary artery
as been a constant observation in this series. All these
spects determine a technically higher-risk coronary transfer
n many instances.
Supravalvular aortic stenosis might result from the anas-
omosis of a dilated neoaortic root with a diminutive
scending aorta and has been reported as a cause of
perative mortality after an ASO (18). This complication
as not been encountered, possibly because wide patch
nlargement of the entire arch was performed to overcome
he mismatch in size with the neoaortic root.
Relocated coronaries might be compressed along their
roximal course by dilated pulmonary arteries, and this can
e observed late after the operation (one patient required
eoperation for obstruction of a compressed left coronary
stium). The advantages of the Lecompte maneuver have
een questioned, particularly in case of side-by-side great
rteries (4,11,22). Our policy has been to translocate the
ulmonary arteries anteriorly, except in case of a right
osterior aorta, which was never encountered in this series.
lthough the opportunity not to perform the Lecompte
aneuver might be considered selectively in case of side-
y-side great vessels with complex coronary patterns to
void coronary compression by dilated (left) pulmonary
rteries, the neoaorta assumes a smoother course when
econstructed posteriorly (especially with enlarged pulmo-
ary arteries) and, in the present experience, required no
eoperation (see the following text). Furthermore, reoperative
urgery for RVOTO is technically simpler in case of an
nteriorly translocated pulmonary outflow. Interestingly, the
se of fresh autologous pericardium during primary neopul-
onary root reconstruction might lessen the probability of
ecurrent RVOTO, because pericardial tissue has been shown
o potentially differentiate into arterial vascular wall (23).
ssociated VSD and PHT. The majority of patients
howed a coexisting VSD (30 of 38, 79%); however, despite
high incidence of RV hypoplasia in case of intact ventric-
lar septum (4 of 8, 50%), mortality was not increased in
his subgroup (2 of 8, 25%), possibly because of a lower
mpact of PHT, but also because type A coronary anatomy
as encountered in all cases except one.
Both patients who died because of intractable PHT had
n associated VSD and were refractory to intensive treat-
ent including inhaled nitric oxide, which was first used atur institution in 1992 (24). One patient also developed puperior vena caval thrombosis with infection of a central
enous catheter. Interestingly, VSD repair and the presence
f RVOTO were risk factors for a prolonged stay in the
ntensive care unit: both might be correlated to PHT,
ecause only two of ten patients with RVOTO had an intact
entricular septum. The possible role of incomplete atrial
artitioning in determining a smoother course in patients
ikely to develop perioperative PHT remains to be ascer-
ained, but the implantation of a fenestrated atrial or
entricular septal patch has been advocated in patients with
hypoplastic RV undergoing an ASO (13). A one-way
alved atrial septal patch has also been suggested in case of
efects characterized by RV hypoplasia or PHT (25).
oreover, the latter approach and a temporary central
orto-pulmonary shunt have been successfully used as rescue
easures to wean infants with PHT from cardiopulmonary
ypass (25,26). The potential for left-to-right shunting,
ith a consequent decrease in cardiac output if the left
entricle is dysfunctional after repair, represents a drawback
hat should be kept in mind in case of a non-valved
nteratrial communication. Finally, although it was not
mployed in our two patients, extracorporeal membrane
xygenation should be considered in patients with refractory
HT and, ideally, should be initiated in a controlled fashion
o restore adequate perfusion before organ damage (27).
VOTO and the fate of the neoaortic root. Although
ther authors have stressed the importance of subaortic
tenosis and have been more aggressive in this respect
3,28,29), the conal septum was excised in only three cases.
ne operative death is partially attributable to residual
ubpulmonary stenosis in a patient with a Taussig-Bing
eart, RV hypoplasia, and the left anterior descending
oronary artery originating from the right coronary ostium,
n whom an attempt to place a RV-to-pulmonary trunk
onduit was unsuccessful. Conversely, the role of subaortic
tenosis at time of the ASO is more critical in infants for
hom a two-stage approach is selected, because RVOTO is
ikely to develop after pulmonary artery banding when this
s performed together with coarctation repair as a primary
peration (19). In the present series, only three patients
nderwent reoperation for the relief of RVOTO (one
nderwent associated left main coronary patch enlarge-
ent), whereas four others showed mild RVOTO at long-
erm follow-up. In the multi-institutional study on TGA
onducted by the Congenital Heart Surgeon’s Society, the
oexisting coarctaction of the aorta is an incremental risk
actor for proximal right-sided outflow obstruction (30).
ne reoperated patient had the Taussig-Bing anomaly and,
n a recent series from Germany, RVOTO was reported to
ften complicate the postoperative course of Taussig-Bing
earts and to be the main indication for reintervention (31).
The fate of the neoaortic root and valve is of particular
oncern after the ASO (32). The probability of neoaortic
oot dilation and need for reoperation in the long term is
ikely to be higher when primary enlargement of the
ulmonary trunk is part of the congenital anomaly; however,
n
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hereas three patients showed trivial neoaortic valve insuf-
ciency and two others had a mildly enlarged neoaortic root.
pparently, this does not significantly differ from other
atients after an ASO but might be influenced by the
xtensive patch enlargement for the relief of aortic obstruc-
ion (33). In this respect, a two-stage strategy contemplating
ulmonary artery banding is probably deleterious, if not
ontraindicated.
ecurrent coarctation. Recoarctation has been observed in
minority of cases (3 of 29 survivors) and never required
pen surgery. The one-stage primary repair strategy prob-
bly correlates with this low rate, because aortic arch
bstruction is related to diffuse arch hypoplasia rather than
rue coarctation localized at the aortic isthmus. Arch anat-
my and the mismatch between the arterial trunks make
atch augmentation extended to the entire arch and ascend-
ng aorta an almost indispensable step of the operation. In
his respect, a left thoracotomy, which represents the stan-
ard approach for coarctation repair, is clearly less than ideal
rom a strictly surgical standpoint. Furthermore, no aneu-
ysm formation was observed during follow-up, confirming
he usefulness and reliability of fixed autologous pericar-
ium for aortic reconstruction.
tudy limitations. The study includes 38 consecutive pa-
ients with an infrequent complex congenital cardiovascular
bnormality. This represents a relatively small population
or statistical analysis and includes few late events. As a
esult, perioperative RV failure was the only variable to
each statistical significance at multivariate analysis among
he predictors of death at univariate analysis, and no specific
isk factors for adverse events during follow-up could further
e outlined.
Among four patients who were referred from abroad,
hree could not be traced for long-term follow-up. These
atients were less critically ill than average and were
omewhat “naturally selected,” because they underwent
urgical repair at age 87, 108, and 251 days, respectively.
one of these infants died, but none had RV hypoplasia, a
igh-risk coronary pattern, or side-by-side great vessels.
ecause there were no late deaths and few reoperations in
he whole series, it might be speculated that these patients
re unlikely to be at increased risk for late death or
eoperation: on the contrary, they probably have a reduced
isk, and their inclusion in the study should not bias the
stimates in this respect. Obviously, nothing is known about
he fate of the aortic arch repair.
Finally, the operation is technically demanding, and the
esults outlined above were obtained with all procedures
erformed by the same operating surgeon (P.V.). The
ifference in operative mortality between early and late
perations imposes caution in performing one-stage repair
n non-experienced hospitals: in this setting, a simpler
alliative operation performed as a life-saving “bridge-to-
natomic repair” might be preferable.onclusions. Long-term outcome after primary one-stage
epair of TGA complexes and aortic arch obstruction seems
imilar to the overall late course of unselected patients after
he ASO. The incidence of recurrent coarctation is low and
ould always be treated without open surgery; however,
hese infants are a higher-risk subgroup for the ASO. Right
entricular hypoplasia, complex coronary patterns associated
ith non-anteroposterior great arteries, and severe PHT
epresent common additional risk factors for operative
ortality. Extensive patch enlargement of the inner curva-
ure of the entire arch with autologous pericardium is, in our
xperience, the technique of choice for the relief of aortic
rch obstruction. The concerns for future neoaortic root
ilation and RVOTO constitute, at least, relative contrain-
ications for pulmonary artery banding, whereas resection of
he conal septum seems justified only in case of severe
alalignment and RVOTO. With the possible exception of
nfants with unbalanced ventricles and a relatively hypoplas-
ic RV, these considerations render a one-stage operation
he preferred approach for the treatment of these critically ill
ewborns.
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